Juices made from fruits of 30 Tunisian accessions of pomegranate were studied for their organic acids, sugars, and anthocyanin contents, using high performance liquid chromatography. Among the detected organic acids, malic acid was the major one (>50%) followed by citric acid (>22%), while among sugars, fructose and glucose were most present in pomegranate juice contributing 53.9 and 43.4% of the total sugar content, respectively. The total anthocyanin content ranged from 9-115 mg per litre of juice with the following ranges of the six compounds found: cyanidin-3,5-diglucoside 
INTRODUCTION
The pomegranate (Punica granatum L., Punicaceae) is one of the oldest known edible fruits (latin: pomum "apple" and granatus "seeded"). This species, originated from Persia to the Himalayas in northern India and surrounding areas, is now extensively cultivated in other countries (e.g., Spain, Tunisia, Turkey, China, Russia, and USA). Pomegranate trees are adapted to saline and poor soils in arid and semi-arid climates, as in the case of the large area of Tunisia, without special requirements. [1] Thus, the 742 HASNAOUI ET AL.
pomegranate tree can be an adequate cultivation choice for agricultural lands to contribute to the reduction of desertification. Currently, there is an increased interest in pomegranate fruit because it is considered as a functional product of great health benefits because of its richness of several groups of substances useful in disease prevention and health promotion. [2] [3] [4] Pomegranate fruits are known for high antioxidant and radical scavenging activities related to high levels of anthocyanins, [2, 5] punicalagin and ellagitannins, [2] and other unexplored phenolic compounds. Several health-promoting effects have been reported for pomegranate juices (e.g., protection against cancer, diabetes, cardiovascular disease, inflammations, dental conditions, erectile dysfunction, bacterial infections, antibiotic resistance, UV-induced skin damage, infant brain ischemia, male infertility, Alzheimer's disease, arthritis). [3, [6] [7] [8] [9] Pomegranate extracts were not found to be toxic since the no observed-adverse-effect level (NOAEL) for a standardized pomegranate fruit extract was determined as 600 mg/kg body weight/day. [10] Pomegranate fruits are mainly consumed fresh but they are also used in the preparation of fresh juices, canned beverages, jellies, jams, etc. [11] [12] [13] The edible parts of the fruit are called arils (∼50% of the fruit) and are composed of 22% seeds and 78% juicy fraction. [14] Malic and citric acids are reported as the main organic acids in pomegranate fruits. These two acids are known to be correlated with the sensory perception of sourness. [15] Two types of sugars, fructose and glucose, are known as the main sources of energy and sweetness. [16] Six anthocyanins, namely the 3-glucosides and 3,5-diglucosides of cyanidin, delphinidin, and pelargonidin, were identified as the main compounds responsible for the colour of the pomegranate juice. [17, 18] In combination, organic acids, sugars, and anthocyanins are important for the sensory attributes and authenticity of fruit products. The types and amount of organic acids, sugars, and anthocyanins also contribute to the nutritional quality of both fresh fruits and juices. [12] In Tunisia, pomegranate has been cultivated in the coastal regions of the north, center, and south since ancient times. The pomegranates are propagated by cuttings that are selected by the farmers mainly aiming at desirable fruit qualities. [19] Actually, acreage of nearly 15,000 ha with 5 million trees produces about 50,000 tons of fruit that are mainly consumed locally. [20] Characterization of main Tunisian pomegranate cultivars by amplified fragment length polymorphism analysis revealed that cultivars are clustered independent on their geographical origin or their denomination and suggested a common genetic basis. [21] The aim of the present work was to study the variability in the amounts of organic acids, sugars, and anthocyanins in samples belonging to 30 main Tunisian pomegranate cultivars using HPLC technique.
MATERIAL AND METHODS

Fruit Samples
The present study was carried out on fruits of a set of 30 pomegranate accessions collected at maturity from the main regions of pomegranate cultivation in Tunisia (Table 1) . Maturity is determined based on visible fruit characteristics, mainly peel colour and size. Aril colour and taste were also included for each fruit included in the present study. 
Reagents
Organic acids (oxalic, tartaric, malic, ascorbic, acetic, citric, fumaric, and succinic acids) and sugars (arabinose, fructose, galactose, glucose, maltose, and sucrose) were purchased from Sigma Chemical Company (St. Louis, MO, USA). Standards of anthocyanins (delphinidin 3-glucoside and 3,5-diglucoside, cyaniding 3-glucoside and 3,5-diglucoside, and pelargonidin 3-glucoside and 3,5-diglucoside) as well as HPLC grade solvents were also obtained from Sigma. Ultrapure water was purified with the MilliQ system (Millipore, Billerica, MA, USA).
Juice Extraction
The weights of the whole fruit and of 100 arils were determined. The peel colour was described using a rating scale ranging from yellow-green (01) to red-purple (16) . To obtain the juice, pomegranate fruits were peeled by hand and the seeds were liquefied using a Moulinex food processor. The obtained juice was pre-filtered and then centrifuged at 14,000 rpm for 15 min. Furthermore, it was filtered through 0.45 µm filters before being stored at −18
• C upon analyses. The pH was measured using a pH meter (Jenway, Cambridge, UK). Titratable acidity, expressed as percentage of malic acid, was performed by titrating 10 mL of pomegranate juice with a 0.1 M NaOH to a pH point of 8.1. Morphological measures are performed on ten fruits and pH and titratable acidity in triplicates. HPLC analyses were performed in duplicates, on juices of two different fruits.
HPLC Analysis of Organic Acids, Sugars, and Anthocyanins
Juice samples (1 mL) were centrifuged at 10,000 rpm for 2 min and filtered through a 0.45-µm Millipore filter. Organic acids and sugars were analyzed by the HPLC apparatus (model HP 1100, Hewlett Packard, Wilmington, DE, USA) equipped with a refractive index detector for sugars detection, and UV/Vis detector for organic acids analysis. The injection volumes were 10 µL for both. Organic acids were separated on a Supelcogel TM C-610H column (30 cm × 7.8 mm i.d., Supelco, Bellefonte, PA, USA) run isocratically at 30
• C using 0.1% phosphoric acid as a mobile phase at a flow rate of 0.5 mL/min and were detected at 210 nm. Sugars analysis was performed on a µBondapak-NH2 column (30 cm × 3.9 mm i.d., Waters, Milford, MA, USA) using acetonitrile/water (85:15, v/v) as the mobile phase.
Anthocyanins were analysed on the same model of HPLC apparatus, equipped with a diode array detector (DAD). Twenty µL of each juice sample was injected. Anthocyanins separation was performed on LiChroCART 100 RP-18 column (12.5 cm × 0.4 cm i.d.; 5 µm particle size; Merck, Darmstadt, Germany) using 5% formic acid (solvent A) and methanol (solvent B) in a gradient starting with 15% B in A, reaching 35% B in 15 min, then isocratically until 20 min at a flow rate of 1 mL/min. Anthocyanin peaks were detected at 520 nm as described by Hernandez et al. [22] The different organic acids, sugars, and anthocyanins were identified and quantified by reference to authentic standards using external calibration. All determinations were performed in duplicates and compound identification was made by comparison of their retention time to those of pure standards. Standard curves of the respective organic acids, sugars, and anthocyanins have been used to calculate the concentrations of these compounds.
Statistical Analysis
Results were reported as average of collected data as well as mean, coefficient of variation, and relative percentage of chemical compounds. The interdependence of the variables was investigated by the analysis of Pearson correlations. Besides, using XLSTAT software, Principal Components Analysis and cluster analysis were performed including all the investigated parameters.
RESULTS AND DISCUSSION
Variability in Tunisian Pomegranate Fruit and Juice Characteristics
Tunisian pomegranate fruits vary considerably in size and characteristics ( Table 2 ). The weight of the fruits varied from 196-674 g and the colour of the peels varied from 6-11 measured against an arbitrary scale ranging from yellow-green (01) to red-purple (16) . The juice colours varied considerably ranging from white-yellow to dark red-purple (Fig. 1) . The pH of the juice varied between 2.9 and 4.6, and its titratable acidity varied between 0.2 and 3.35% of malic acid equivalents with a coefficient of variation of 105%. Five of the 30 cultivars (GB1, GR2, MZ1, MZ2, and MZ3) were characterized by sour taste. The samples of the 30 cultivars studied here showed a larger variability than have been reported before. [23] [24] [25] [26] Variability in fruit characteristics is well documented, e.g., for mulberry (Morus alba L.) [27] and bayberry.
[28] 
Variability in the Content of Organic Acids and Sugars
Organic acids and sugars are the main components determining the taste of fruit juice. The total organic acids in Tunisian pomegranate juices varied 12-63 g/L with a mean of 26 g/L and a coefficient of variation of ∼50% (Table 3) . Six organic acids were identified, including malic acid (∼50% of total), citric acid (∼23% of total), succinic acid (∼17% of total), oxalic acid (∼7% of total), tartaric acid (∼2% of total), and ascorbic acid (∼0.3% of total). All organic acids showed large variability, expressed by the coefficient of variation that was lowest for malic acid (22%) and highest for citric acid (155%). While malic acid was the prominent organic acid in these Tunisian pomegranates, citric acid was found to be the major acid in Turkish pomegranates. [29] The highest malic acid content, 62.6 g/L, was found in the cultivar 'Mezzi 2' (MZ2), which also showed the highest titrable acidity. Tunisian pomegranates seem to be rich in oxalic acid (0.3-3.9 g/L) compared with 40 Spanish cultivars with the highest value of 0.34 g/L. [29] Oxalic acid has been reported as the main organic acid in 'Assaria' cultivar from Portugal. [30] In this study, acetic acid could not be quantified and fumaric acid was detected only as traces, which is quite different from previous results on Spanish, [12] and Iranian pomegranate cultivars, [31] where both acids have been quantified. Interestingly, tartaric acid was detected in all samples of the sweet fruits but not in any of the five sour cultivars. Thus, sour taste may be negatively correlated with tartaric acid content. On the other hand, citric, malic, and succinic acid concentrations were higher in the sour cultivars suggesting an association, as is the case for citric acid and sourness in orange juice. [32] Indeed, it is known that acidity modifies the sensory properties by affecting the perception of volatile compounds in juice and improving the appeal of the juice.
The total sugars in Tunisian pomegranate juices varied from 131.3-199.8 g/L (Table 3) . Fructose and glucose, previously identified as the two major sugars, represented 53.9 and 43.3% of total sugars in the studied samples, respectively. The concentrations of fructose varied from 72-106 g/L (mean 90.5 g/L) and those of glucose varied from 57-86 g/L (mean 72.8 g/L) in the 30 samples with average concentrations of 90.5 and 72.8 g/L, respectively. These results are in agreement with previous reports on Spanish and Turkish pomegranates showing fructose concentrations higher than those of glucose but contrast results on samples from Russia, Saudi Arabia, and Turkey indicating that glucose was the dominant sugar. [12, 33, 34] On the other hand, these Tunisian pomegranates contained more sugars than the Spanish fruits, where the highest fructose and glucose concentrations were 82.2 and 78.0 g/L and the overall means were 65.8 and 61.4 g/L, respectively. Low concentrations of arabinose (0-9.19) and sucrose (0-3.62) and sometimes traces of galactose were found. The variation of very low sucrose content may be explained by the fact that it may be converted to invert sugars during the ripening process. Sorbitol and maltose were not detected in any of the studied pomegranate juices. The limited number of five sour fruit samples tended to have higher average sugar content than sweet ones; 189.17 and 163.97 g/L, respectively, which disagreed with values found for Spanish pomegranate reported by Melgarejo et al. [12] Variability in the Content of Anthocyanins
Anthocyanins (glycosylated anthocyanidins) are the main phenolic compounds responsible for the purple-red colours of pomegranate. Previous studies reported 3-glucosides and 3,5-diglucosides of delphinidin, cyanidin, and pelargonidin (Fig. 2) as the anthocyanins involved in the colouring of pomegranate aril colouring during maturation. [18, 22] In the present study, these anthocyanins were quantified in the 30 Tunisian cultivars of pomegranate showing a large diversity in aril and juice colour at maturity stage (Table 4) . Supporting this visual appearance, the total anthocyanin content of the 30 samples ranged from 9-115 mg per liter of juice. The values of total anthocyanins in the Tunisian samples were lower than those of 493, 306, and 252 mg/L reported for pomegranate from Turkey, [35] the American 'Wonderful' variety and TML variety from Iran, [36] respectively. In a recent study, Iranian pomegranates were found to be much richer in anthocyanins than Tunisian and Spanish fruits, with a total anthocyanin content reaching 7760 mg/L. [37] For most of the Tunisian samples, the total anthocyanin content agreed with colour (Table 4 ; Fig. 1 ). However, this was not always true as it was the case of 'Mezzi 1' (MZ1) that had a dark red juice while its anthocyanins content was only 43.7 mg/L. This can be explained by the importance of co-pigmentation phenomenon resulting in redder hues. [38] For example, delphinidin was reported to exist in egg plant also as sasunin (delphinidin-3-(p-coumaroyl-rutinoside)-5-glucose). [39] The contents of the individual anthocyanins were as follows: cyanidin-3, 5-diglucoside 
Table 4
Contents of anthocyanins in the studied pomegranate fruit juices (mg/L). was the minor one representing only about 3% of the total anthocyanins. The anthocyanins profiles of Tunisian cultivars were markedly different from those reported for Iranian and Spanish cultivars. In eight Iranian cultivars, the most abundant pigment was delphinidin-3,5-diglucoside followed by cyanidin-3,5-diglucoside while cyanidin-3-glucoside was reported as the major pigment in four Spanish clones as well as 'Wonderful' variety. [2, 18, 22, 37] It might be possible that anthocyanin, alone or in combination with other phytochemicals, can be used for fingerprinting and differentiating of pomegranate juices.
Multivariate Analysis
The inter-relations between the variables studied were investigated by the analysis of Pearson correlation (Table 5) . Correlation values ranged from 0 to 0.936. The highest correlations were obtained between titratable acidity and citric acid (0.936), followed by the ones between malic and succinic acids (0.901), fructose and glucose (0.881), and pH and citric acid content (−0.858). There is also a very strong correlation between pH and titratable acidity.
Principal components analysis (PCA) and cluster analyses were performed over the whole data set. The total variability is explained by 21 principal components with the first three explaining 61.8% of the cumulative variance (Fig. 3) . The distribution of the studied pomegranates along the first two principle components, explaining 51.14% of the total variability, is shown in Fig. 4 . As can be seen, sour and sweet pomegranates are located separately. Interestingly, all pomegranates varieties studied are differentiated as a consequence of the large range of studied traits independent of the geographic origin, suggesting that differences are mainly dependant on the cultivar. In fact, organic acids, sugars, anthocyanins, or morphometric traits in all samples studied are similarly differentiated depending on cultivar (data not shown).
Similarly, hierarchical ascendant classification leads to two main groups (Fig. 5) . Although the first main group (I) is made of four cultivars originated from the north of Tunisia (region R4), there is no clear weight of geographic origin on clustering. Indeed, the grouping inside the second main group (II) shows no clear correlation with origin. The straddling of the samples belonged to different regions given evidence of the exchange of pomegranate plant material between and within a region in a small country like Tunisia, and cultivar characteristics are conserved due to the vegetative propagation of the pomegranate.
CONCLUSION
Fructose and glucose were the two abundant sugars and malic acid and citric acids were the most frequent organic acids in Tunisian pomegranate juice. This study suggests that pomegranate juice sourness or sweetness is due to high or low concentrations of citric acid, respectively, and not to low or high sugar content. Furthermore, PCA including all parameters studied, the majority of studied pomegranate accessions were clearly distinguished into groups independent of the cultivation location suggesting the importance of cultivar. Besides, the quite large ranges of contents' values of different studied chemical compounds reflect the large diversity of local pomegranate germplasm. It is important for future research to describe the complete phenolic profile of different cultivars and how the juice colour is determined by different phenolic components and by co-pigmentation. These results may be helpful for further works on pomegranate valorization, for example Table 5 Pearson correlations between studied parameters. by mixing its juice with other fruit juices to produce a drink with high nutritive and health benefits. [40, 41] 
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